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7KH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $[LRPDWLF 'HVLJQ ,&$' 
&RQFHSWXDO GHVLJQ RI FXVWRPL]HG ORZHU OLPE H[RVNHOHWRQ UHKDELOLWDWLRQ
URERW EDVHG RQ $[LRPDWLF 'HVLJQ
$LELQ =KXD 6KHQJOL +HD 'D\RQJ +HD <DQJ\DQJ /LXD
D.H\ /DERUDWRU\ RI (GXFDWLRQ 0LQLVWU\ IRU 0RGHUQ 'HVLJQ DQG 5RWRU%HDULQJ 6\VWHP ;L¶DQ -LDRWRQJ 8QLYHUVLW\ ;L¶DQ  &KLQD
 &RUUHVSRQGLQJ DXWKRU 7HO  ID[  (PDLO DGGUHVV DE]KX#PDLO[MWXHGXFQ
$EVWUDFW
,Q RUGHU WR VWDQGDUGL]H WKH GHVLJQ SURFHVV RI FRPSOH[ SURGXFWV DQG LPSURYH FXVWRPHU VDWLVIDFWLRQ DQG LQWHOOLJHQFH RI VSHFLILF GHVLJQ VFKHPH D
GHVLJQ FDVH RI /RZHU /LPE ([RVNHOHWRQ 5HKDELOLWDWLRQ 5RERW //(55 LV SUHVHQWHG LQ WKLV SDSHU 8QGHU WKH SUHFRQGLWLRQ WKDW ZDON DVVLVWDQFH
DQG UHKDELOLWDWLRQ WUDLQLQJ IXQFWLRQV DUH DFKLHYHG KLJKHU GHPDQGV IRU //(55 IURP SV\FKRORJLFDO DQG SK\VLRORJLFDO QHHGV RI XVHUV DUH
SURSRVHG %DVHG RQ WKH UHVHDUFK VWDWXV DQG PDUNHW GHPDQGV RI UHKDELOLWDWLRQ URERWV D FRQFHSWXDO GHVLJQ RI //(55 ZLWK WKH FKDUDFWHU RI
FXVWRPL]HG JDLW DQG FXVWRPL]HG H[RVNHOHWRQ LV SUHVHQWHG 7KH PDSSLQJ SURFHVV IURP IXQFWLRQDO UHTXLUHPHQW )5 GRPDLQ WR GHVLJQ SDUDPHWHU
'3 GRPDLQ RI FXVWRPL]HG GHVLJQ VFKHPH LV DQDO\]HG DFFRUGLQJ WR $[LRPDWLF 'HVLJQ $' WKHRU\ 7KHQ DQ RYHUDOO GHVLJQ PDWUL[ RI î D
WULDQJXODU PDWUL[ LV REWDLQHG UHYHDOLQJ WKDW WKH FXVWRPL]HG GHVLJQ VFKHPH RI //(55 LV D GHFRXSOHG GHVLJQ ZLWK JUHDW UHOLDELOLW\ /DVWO\ WKH
GHVLJQ VFKHPH LV RSWLPL]HG WKURXJK FRQVWUDLQV DQDO\VLV 7KH FRUUHFWQHVV DQG SUDFWLFDOLW\ RI WKLV GHVLJQ VFKHPH DUH YHULILHG 7KH SDSHU¶V ZRUN
FDQ SURYLGH JXLGDQFH IRU WKH GHVLJQ RI WKH VDPH W\SH SURGXFWV
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU %9
3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI WKH VFLHQWLILF FRPPLWWHH RI 7KH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ $[LRPDWLF 'HVLJQ
.H\ZRUGV $[LRPDWLF GHVLJQ /RZHU OLPE H[RVNHOHWRQ UHKDELOLWDWLRQ URERW &XVWRPL]HG GHVLJQ 0DSSLQJ DQDO\VLV
 ,QWURGXFWLRQ
7KH //(55 ZRUQ RQ XVHUV¶ ORZHU OLPE LV D W\SLFDO KXPDQ
FRPSXWHU LQWHJUDWHG V\VWHP ,W KDV FRPELQHG WKH URERWLF
WHFKQRORJ\ RI GHWHFWLRQ FRQWURO DQG LQIRUPDWLRQ IXVLRQ DQG
FDQ SURYLGH SRZHU WR DVVLVW XVHUV LQ UHKDELOLWDWLRQ WUDLQLQJ >@
:LWK WKH DSSURDFK RI WKH DJLQJ VRFLHW\ DQG YDULRXV DFFLGHQWV
RFFXUULQJ IUHTXHQWO\ WKH QXPEHU RI SDWLHQWV ZLWK ORZHU OLPE
G\VIXQFWLRQ LQFUHDVHV GDLO\ %\ WKH HQG RI  WKH
SRSXODWLRQ RYHU WKH DJH RI  KDV UHDFKHG  PLOOLRQ LQ
&KLQD DQG WKH GLVDEOHG LV H[WUHPHO\ KXJH ZLWK WKH QXPEHU RI
 PLOOLRQ 6R WKH WDUJHW SHRSOH RI //(55 DUH KXJH DQG WKH
UHVHDUFK LV XUJHQW
2QH RI WKH IUHTXHQWO\ XVHG PHWKRGRORJLHV LQ WKH GHVLJQ
SURFHVV LV $' WKHRU\ $' ZDV GHYHORSHG E\ 6XK DW 0,7 DQG
ILUVW SXEOLVKHG LQ KLV ERRN LQ  >@ $' KDV EHHQ VKRZQ WR
JUHDWO\ LPSURYH WKH GHVLJQ ZKLOH VKRUWHQLQJ GHVLJQ WLPH 7KH
WZR D[LRPV RI $' ,QGHSHQGHQFH $[LRP DQG ,QIRUPDWLRQ
$[LRP PDLQWDLQ WKH LQGHSHQGHQFH RI IXQFWLRQV DQG PLQLPL]H
WKH LQIRUPDWLRQ RU FRPSOH[LW\ RI WKH GHVLJQ SURFHVV 7KHUH
DUH FOHDU VLPSOH UXOHV ZKLFK JXLGH GHVLJQ SURFHVV IRU WKH EHVW
VROXWLRQ IRU GHVLUHG IXQFWLRQV $' EDVHG RQ WKHVH WZR
IXQGDPHQWDO D[LRPV HOLPLQDWHV WKH SRVVLELOLW\ RI PDNLQJ
PLVWDNHV ZKHQ SURGXFWV DUH GHYHORSHG $' KHOSV WR RYHUFRPH
VKRUWFRPLQJV LQ WKH SURGXFW GHYHORSPHQW SURFHVV ZKLFK LV
EDVHG RQ D UHFXUVLYH µGHVLJQEXLOGWHVW¶ F\FOH UHTXLULQJ
FRQWLQXRXV PRGLILFDWLRQV DQG FKDQJHV DV GHVLJQ IODZV DUH
GLVFRYHUHG WKURXJK WHVWLQJ >@ $' FDQ EH DSSOLHG WR WKH
GHVLJQ RI SURGXFWV SURFHVVHV SURMHFWV DQG V\VWHPV >@ ,W KDV
EHHQ FDOOHG RQH RI WKH PRVW LPSRUWDQW HQJLQHHULQJ
GHYHORSPHQWV RI WKH ODVW KXQGUHG \HDUV
$' LV D GHVLJQ WKHRU\ EDVHG RQ GRPDLQV DQG GHVLJQ D[LRP
,WV PDLQ SXUSRVH LV WR HVWDEOLVK D VFLHQWLILF VWDQGDUG IRU WKH
GHVLJQ SURFHVV $' SURYLGHV WKHRU\ EDVLV IRU GHVLJQHUV WR
FRQGXFW GHVLJQ DQG LPSURYH GHVLJQ ,W PDNHV V\VWHP GHVLJQ
SURFHVV PRUH FOHDUO\ DQG FDQ EH DEOH WR RYHUFRPH WKH SUREOHP
LQ HDUO\ GHVLJQ 7KURXJK GHVLJQ IUDPHZRUN SURYLGHG E\ $'
]LJ]DJ PDSSLQJ PHWKRG LV DGRSWHG WR DQDO\]H GHVLJQ WDVN
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of The 10th International Conference on Axiomatic Design
220   Aibin Zhu et al. /  Procedia CIRP  53 ( 2016 )  219 – 224 
OD\HU E\ OD\HU IURP WKH SHUVSHFWLYH RI IXQFWLRQDO
GHFRPSRVLWLRQ VR WKDW WKH FRUUHVSRQGLQJ )5V DQG '3V FDQ EH
REWDLQHG $' KDV EHHQ DSSOLHG WR D QXPEHU RI WKHRUHWLFDO DQG
SUDFWLFDO VWXGLHV >@ )RU H[DPSOH 7DQ =KDQJ >@ GHYHORSV D
UHVLOLHQW URERW EDVHG RQ $' WKHRU\ &RHOKR >@ VKRZV WKDW $'
VWLPXODWHV JURXS FROODERUDWLRQ LQ RUGHU WR ILQG RXW WKH PRVW
FRVWHIIHFWLYH VROXWLRQ IRU VSHFLILHG )5V 0DEURN >@ SUHVHQWV
DQ H[WHQGHG GHVLJQ PDWUL[ ZKLFK LQFOXGHV WKH PDSSLQJ
UHODWLRQVKLSV EHWZHHQ D FRPSOHWH VHW RI )5V DQG
FRUUHVSRQGLQJ '3V .XODN >@ GHYHORSV D URDG PDS IRU GHVLJQ
RI FHOOXODU PDQXIDFWXULQJ V\VWHPV XVLQJ ,QGHSHQGHQFH $[LRP
,Q DGGLWLRQ $' SULQFLSOHV DUH DOVR DSSOLHG WR GHVLJQ IOH[LEOH
PDQXIDFWXULQJ V\VWHPV >@ 7KHVH VWXGLHV KDYH FRQYLQFLQJO\
VKRZQ WKH DSSOLFDELOLW\ DQG EHQHILWV RI $' LQ VROYLQJ GHVLJQ
SUREOHPV
3URGXFW IHDWXUHV EHFRPH PRUH DQG PRUH FRPSOH[ DQG
VRSKLVWLFDWHG FXUUHQWO\ 7KH GHYHORSPHQW RI GHVLJQ PHWKRGV
IRU FRPSOH[ SURGXFWV LV LPSHUDWLYH 7KHUHIRUH EDVHG RQ WKH
VWDQGDUGL]DWLRQ DQG KLJK HIILFLHQF\ RI $' //(55 LV WDNHQ DV
D GHVLJQ FDVH WR VWDQGDUGL]H WKH GHVLJQ SURFHVV DQG WR LPSURYH
FXVWRPHU VDWLVIDFWLRQ DQG LQWHOOLJHQFH RI GHVLJQ VFKHPH
*LYHQ WKH UHVHDUFK VWDWXV DQG PDUNHW GHPDQGV RI
UHKDELOLWDWLRQ URERWV D FRQFHSWXDO GHVLJQ RI //(55 ZLWK WKH
FKDUDFWHU RI FXVWRPL]HG JDLW DQG FXVWRPL]HG H[RVNHOHWRQ LV
SUHVHQWHG 7KH PDSSLQJ SURFHVV IURP )5 GRPDLQ WR '3
GRPDLQ RI FXVWRPL]HG GHVLJQ VFKHPH LV DQDO\]HG DFFRUGLQJ WR
$' WKHRU\ 7KHQ DQ RYHUDOO GHVLJQ PDWUL[ RI î LV
REWDLQHG /DVWO\ WKH GHVLJQ VFKHPH LV RSWLPL]HG WKURXJK
FRQVWUDLQV DQDO\VLV 7KH FRUUHFWQHVV DQG SUDFWLFDOLW\ RI GXDO
FXVWRPL]HG GHVLJQ VFKHPH DUH YHULILHG UHYHDOLQJ WKDW WKH
GHVLJQ VFKHPH LV UHOLDEOH DQG YDOXDEOH 7KH SDSHU¶V ZRUN FDQ
SURYLGH JXLGDQFH IRU WKH GHVLJQ RI WKH VDPH W\SH SURGXFWV
 'HPDQG DQDO\VLV
&RQVLGHULQJ WKH FXVWRPHURULHQWHG PDUNHW HQYLURQPHQW
WUDGLWLRQDO IXQFWLRQDO GHVLJQ LV IDU IURP WKH PHUH JRDO RI DQ
LGHDO SURGXFW GHVLJQ 0DVORZ¶V KLHUDUFK\ RI QHHGV WKHRU\
GHFODUHV WKDW XVHUV¶ QHHGV ZLOO FOLPE WR D KLJKHU OHYHO ZKHQ D
FHUWDLQ OHYHO RI QHHGV LV UHODWLYHO\ VDWLVILHG >@ 0HDQZKLOH
WKH GHVLUH IRU KLJKHU OHYHO RI QHHGV GULYHV SHRSOH¶V EHKDYLRUV
LQ WXUQ ,Q GDLO\ OLIH ZDONLQJ LV YHU\ LPSRUWDQW IRU SHUVRQV WR
DFKLHYH GHVLUHG WDVNV 2YHU WKH ODVW GHFDGH VHYHUDO ORZHU OLPE
UHKDELOLWDWLRQ URERWV KDYH EHHQ GHYHORSHG WR UHVWRUH WKH
DIIHFWHG OLPEV VXFK DV /RNRPDW >@ /RNR+HOS >@ $/(;
>@ 6WLQJ0DQ >@ 5HZDON >@ DQG +$/ >@
8QGHUVWDQGLQJ XVHUV¶ GHPDQGV DQG GLVWLQJXLVKLQJ WKHLU
GLIIHUHQFHV DUH RI FULWLFDO LPSRUWDQFH IRU PDQDJLQJ WKHVH
QHHGV 8VHUV VKRXOG EH IRFXVHG RQ QRW RQO\ WR PHHW WKHLU
QHHGV EXW DOVR WR LQFUHDVH WKHLU FXVWRPHU VDWLVIDFWLRQ >@
.DQR PRGHO > @ ZKLFK LV D JRRG ZD\ WR LQYHVWLJDWH WKH
FKDUDFWHULVWLFV RI FXVWRPHU GHPDQGV LV XVHG WR FODVVLI\ XVHUV¶
GHPDQGV LQWR WKUHH OHYHOV LH GHPDQGV IRU EDVLF TXDOLW\
GHPDQGV IRU GHVLUHG TXDOLW\ DQG GHPDQGV IRU DWWUDFWLYH
TXDOLW\
&XVWRPHU VDWLVIDFWLRQ GHWHUPLQHV ZKHWKHU FXVWRPHUV ZLOO
EX\ WKLV SURGXFW RU VHUYLFH DJDLQ ,W HYHQ DIIHFWV RSLQLRQV RI
RWKHU FRQVXPHUV %DVHG RQ .DQR &XVWRPHU 6DWLVIDFWLRQ
PRGHO WKH FXVWRPHU VDWLVIDFWLRQ RI //(55 LV DQDO\]HG
)LUVWO\ LI WKH EDVLF IXQFWLRQV RI DVVLVWLQJ ZDON FDQ¶W EH
DFTXLUHG WKH FXVWRPHU GLVVDWLVIDFWLRQ ZLOO LQFUHDVH
GUDPDWLFDOO\ EXW WKH GLVVDWLVILHG PRRG FDQ EH HOLPLQDWHG
ZKHQ ZDONLQJ DVVLVWDQFH LV UHDOL]HG ZLWKRXW LPSURYLQJ
FXVWRPHU VDWLVIDFWLRQ 'HPDQGV IRU EDVLF TXDOLW\ DUH UHJDUGHG
DV PHULWHG E\ FXVWRPHUV 6HFRQGO\ ZKHQ WKH GHVLUH RI VHOI
ZDONLQJ LV DFKLHYHG E\ //(55 WKURXJK UHKDELOLWDWLRQ WUDLQLQJ
WKH FXVWRPHU VDWLVIDFWLRQ ZLOO LQFUHDVH 'HPDQGV IRU GHVLUHG
TXDOLW\ DUH H[SHFWDWLRQV RI FXVWRPHUV /DVWO\ LI D //(55 LV
GHVLJQHG ZLWK WKH DGGLWLRQDO IXQFWLRQV VXFK DV XVHUIULHQGO\
FRQWURO LQWHUIDFH FRPIRUWDEOH VXSSRUW VWUXFWXUHV WKH FXVWRPHU
VDWLVIDFWLRQ ZLOO LQFUHDVH VLJQLILFDQWO\ 'HPDQGV IRU DWWUDFWLYH
TXDOLW\ DUH IXQFWLRQV EH\RQG FXVWRPHUV¶ RULJLQDO H[SHFWDWLRQV
$V D UHVXOW KLJKHU GHPDQGV IRU //(55 IURP SV\FKRORJLFDO
DQG SK\VLRORJLFDO QHHGV VKRXOG EH DQDO\]HG WR LQFUHDVH
FXVWRPHU VDWLVIDFWLRQ VR WKDW D EHWWHU GHVLJQ VFKHPH IRU
//(55 FDQ EH REWDLQHG
,Q WHUPV RI ORZHU OLPE G\VIXQFWLRQ SDWLHQWV XQGHU WKH
SUHFRQGLWLRQ WKDW ZDON DVVLVWDQFH DQG UHKDELOLWDWLRQ WUDLQLQJ
IXQFWLRQV DUH DFKLHYHG WKH WUHQG RI XVHUV¶ QHHGV ZLOO HYROYH WR
PRUH VSHFLILF DQG SHUVRQDOL]DWLRQ ,Q RUGHU WR PHHW WKH KLJK
OHYHO SV\FKRORJLFDO DQG SK\VLRORJLFDO QHHGV WKH WDVN VROYLQJ
PRGH GULYHQ E\ SUREOHP VFKHPH LQIRUPDWLRQ DQG
NQRZOHGJH LQ FRJQLWLYHGHYHORSPHQWDO WKHRU\ LV DGRSWHG WR
FRQGXFW GHVLJQ DQDO\VLV )LQDOO\ D EHWWHU GHVLJQ VFKHPH RI
//(55 ZLWK FXVWRPL]HG JDLW DQG FXVWRPL]HG H[RVNHOHWRQ LV
SURSRVHG 7KH ' PRGHO RI //(55 GHVLJQ EDVHG RQ WKH
GHPDQG DQDO\VLV LV DV VKRZQ LQ )LJ DQG )LJ
)LJ  7KH ZLUHIUDPH PRGHO RI //(55
221 Aibin Zhu et al. /  Procedia CIRP  53 ( 2016 )  219 – 224 
)LJ 7KH UHQGHULQJ PRGHO RI //(55
 $QDO\VLV RI 0DSSLQJ 3URFHVV
'HVLJQ LV EURDGO\ GHILQHG WR GHDO ZLWK PDSSLQJ IURP
VRFLHWDO ZDQWV RU QHHGV WR WKH PHDQV IRU VDWLVI\LQJ WKHVH QHHGV
$' LV FRPSRVHG RI ILYH FRQFHSWV 7KHVH FRQFHSWV DUH
GRPDLQV KLHUDUFKLHV ]LJ]DJJLQJ DQG WKH WZR GHVLJQ D[LRPV
7KH FRXSOLQJ UHODWLRQVKLS DQG PDSSLQJ SURFHVV EHWZHHQ )5
DQG '3 DUH WKH PRVW LPSRUWDQW SDUW > @ $QG WKH\ DUH DOVR
WKH PDLQ UHVHDUFK ZRUNV DERXW FRQFHSWXDO GHVLJQ RI //(55
LQ WKLV SDSHU
 0DSSLQJ SURFHVV EHWZHHQ )5V DQG '3V RQ WKH ILUVW OD\HU
%DVHG RQ $' WKHRU\ WKURXJK SHUIRUPLQJ FRQWURO V\VWHP
DQDO\VLV G\QDPLFV FRPSXWDWLRQ DQG VR RQ RI //(55 WKH
PDLQ )5 LV REWDLQHG 7KH KLJKOHYHO PDSSLQJ UHODWLRQVKLSV
EHWZHHQ )5V DQG '3V DUH HVWDEOLVKHG DV VKRZQ LQ )LJ
5HKDELOLWDWLRQ)5
3URYLGH3RZHU
)5
$VVLVW:DON)5
3URJUDPPH*DLW
)5
5RERW'3
'ULYH6\VWHP'3
:DONLQJ0HFKDQLVP
'3
&RQWURO6\VWHP
'3
)LJ 7KH PDSSLQJ SURFHVV EHWZHHQ PDLQ )5V DQG '3V
%DVHG RQ WKH PDSSLQJ UHODWLRQVKLSV VKRZQ LQ )LJ  WKH
GHVLJQ HTXDWLRQ LV REWDLQHG
  
  
 
)5 '3;
)5 ; '3
; ; ;)5 '3
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
'HVLJQ PDWUL[ VKRZV FRXSOLQJ UHODWLRQVKLSV EHWZHHQ )5V
DQG '3V DW RQH OHYHO RI GHVLJQ KLHUDUFK\ >@ ,Q D GHVLJQ
PDWUL[ >@  LQGLFDWHV D ZHDN HIIHFW EHWZHHQ DQ )5 DQG D
'3 ZKLOH ; UHSUHVHQWV D VWURQJ HIIHFW E\ D '3 RQ DQ )5
:KHQ WKH GHVLJQ PDWUL[ LV D GLDJRQDO PDWUL[ LW PHDQV D QRQ
FRXSOHG GHVLJQ :KHQ WKH GHVLJQ PDWUL[ LV D WULDQJXODU PDWUL[
LW PHDQV D GHFRXSOHG GHVLJQ 7KH GHVLJQ PDWUL[ JHQHUDOO\
RQO\ LQYROYHV SK\VLFDO WKLQJV DQG GLVREH\V FRRUGLQDWH
WUDQVIRUPDWLRQ 7KHUHIRUH LW RQO\ UHSUHVHQWV WKH FRXSOLQJ
UHODWLRQVKLSV
 0DSSLQJ SURFHVV EHWZHHQ )5V DQG '3V RQ WKH VHFRQG
OD\HU
'HFLVLRQV PDGH DW KLJKHU OHYHOV RI GHVLJQ KLHUDUFKLHV DIIHFW
WKH VWDWHPHQW RI GHVLJQ WDVNV DW ORZHU OHYHOV $W D JLYHQ OHYHO
RI WKH GHVLJQ KLHUDUFK\ D VHW RI )5V H[LVWV %HIRUH WKHVH )5V
FDQ EH GHFRPSRVHG FRUUHVSRQGLQJ '3V PXVW EH VHOHFWHG
2QFH DQ )5 FDQ EH VDWLVILHG E\ D FRUUHVSRQGLQJ '3 VR WKDW
WKH )5V FDQ EH GHFRPSRVHG LQWR D VHW RI VXEUHTXLUHPHQWV
DQG WKH SURFHVV LV UHSHDWHG
$FFRUGLQJ WR WKH '3V REWDLQHG RQ WKH ILUVW OD\HU WKH )5V
RQ WKH VHFRQG OD\HU VDWLVILHG WKH '3V RQ WKH ILUVW OD\HU LV
GHWHUPLQHG 7KHQ WKH FRUUHVSRQGLQJ '3V RQ WKH VHFRQG OD\HU
DOVR FDQ EH REWDLQHG )LUVWO\ GHVLJQ RI WKH GULYH V\VWHP LV
UHTXLUHG WR VHOHFW DQ DSSURSULDWH SRZHU VRXUFH DQG WR FRQYHUW
HOHFWULF HQHUJ\ WR PHFKDQLFDO HQHUJ\ LH HQHUJ\ FRQYHUVLRQ
IXQFWLRQ 6HFRQGO\ DV WKH LPSRUWDQW DQG GLIILFXOW SDUW RI
//(55 GHVLJQ WKH IXQFWLRQV RI XVHUV¶ PRWLRQ LQIRUPDWLRQ
GHWHFWLRQ SURFHVVLQJ RI PRWLRQ LQIRUPDWLRQ SURYLGLQJ
DVVLVWDQFH IRUFH DQG FXVWRPL]HG JDLW GHVLJQ QHHG WR EH
DFKLHYHG WKURXJK WKH FRQWURO V\VWHP GHVLJQ 7KLUGO\ DV WKH
NH\ SDUW WR UHDOL]H H[RVNHOHWRQ FXVWRPL]HG WKH FXVWRPL]HG
H[RVNHOHWRQ LV DQDO\]HG E\ H[RVNHOHWRQ GHVLJQ V\VWHP 7KH
PDLQ IXQFWLRQV RI ZDONLQJ PHFKDQLVP DUH WR PDLQWDLQ
VWDQGLQJ SRVWXUH DQG WR WUDQVIHU PRWLRQ )LQDOO\ WKH
FRUUHVSRQGLQJ GHVLJQ SDUDPHWHUV DUH DQDO\]HG DFFRUGLQJ WR
WKH )5V GHVFULEHG DERYH
7KH PDSSLQJ SURFHVV EHWZHHQ )5V DQG '3V LV DV VKRZQ LQ
7DE
7DEOH  7KH PDSSLQJ SURFHVVHV EHWZHHQ )5V DQG '3V RQ WKH VHFRQG OD\HU
)5V )XQFWLRQ 'HVFULSWLRQ '3V 3DUDPHWHU 'HVFULSWLRQ
)5 6WRUH (QHUJ\ '3 3RZHU 6RXUFH
)5 &RQYHUW (QHUJ\ '3 (OHFWULFDO 0RWRU
)5 'HWHFW *DLW '3 0RWLRQ &DSWXUH 'HYLFH
)5 3URFHVV ,QIRUPDWLRQ '3 +LJK 3HUIRUPDQFH &38
)5 3URYLGH )RUFH DV 'HPDQG '3 )RUFH 6HQVRUV
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)5 &XVWRPL]H *DLW '3 *DLW 'HFLVLRQ 6\VWHP
)5 6XSSRUW %RG\ '3 6XSSRUW 6WUXFWXUH
)5 7UDQVIHU 0RWLRQ '3 7UDQVPLVVLRQ 0HFKDQLVP
)5 &XVWRPL]H ([RVNHOHWRQ '3 ([RVNHOHWRQ 'HVLJQ6\VWHP
7KH GHVLJQ HTXDWLRQV IRU WKLV OD\HU DUH
 
 
 
 
 
 
 
 
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$OO GHVLJQ PDWUL[HV RI WKH VHFRQG OD\HU DUH WULDQJXODU
PDWUL[ VKRZLQJ WKDW WKH GHVLJQ VFKHPH RI WKLV OD\HU VDWLVILHG
,QGHSHQGHQFH $[LRP ZHOO DV D GHFRXSOHG GHVLJQ
 0DSSLQJ SURFHVV EHWZHHQ )5V DQG '3V RQ WKH WKLUG OD\HU
7KH GXDO FXVWRPL]HG GHVLJQ FRQFHSW KDV DOUHDG\ EHHQ
SURSRVHG RQ WKH VHFRQG OD\HU ,W LV WKH FRUH SDUW RI //(55
GHVLJQ 6R ZH ZLOO SD\ PRUH DWWHQWLRQ WR WKH DQDO\VLV RI
FXVWRPL]HG JDLW DQG FXVWRPL]HG H[RVNHOHWRQ RQ WKLV OD\HU
&RQVLGHULQJ WKH )5V GHSHQGLQJ RQ WKH '3V RI JDLW GHFLVLRQ
V\VWHP WKHUH LV VRPHWKLQJ ZH FDQ ILQG DV IROORZV 2Q RQH
KDQG IRU XVHUV ZKR ORVH PRWLRQ FRQVFLRXVQHVV FRPSOHWHO\
ELRORJLFDO G\QDPLFV PRGHO IRU HDFK SHUVRQ LV HVWDEOLVKHG DQG
DQDO\]HG 8QGHU WKH HUD RI ELJ GDWD DFFRUGLQJ WR JDLW DQDO\VLV
UHVXOWV RI QRUPDO SHRSOH WKH FRQYHQWLRQDO JDLW LV SUHVHW
2SWLPL]DWLRQ JDLW LV VHOHFWHG DFFRUGLQJ WR VLPXODWLRQ RI
G\QDPLFV PRGHO IRU VSHFLILF XVHU &RQVHTXHQWO\ WKH
FXVWRPL]HG JDLW XQGHU XQFRQVFLRXVQHVV LV DFKLHYHG 2Q WKH
RWKHU KDQG IRU XVHUV ZKR KDYH UHVWRUHG FRQVFLRXVQHVV WR D
FHUWDLQ GHJUHH E\ UHKDELOLWDWLRQ WUDLQLQJ RU SDWLHQWV UHWDLQ D
ZHDN PRWLRQ FRQVFLRXVQHVV WKH DFWLYH DQG SDVVLYH FRQWURO
VWUDWHJ\ LV WDNHQ WR LPSOHPHQW FXVWRPL]HG JDLW %DVHG RQ 
D[LV J\URVFRSH DUUD\ WHFKQRORJ\ DQG WKH '3V RQ WKH VHFRQG
OD\HU KLJK SHUIRUPDQFH PLFURSURFHVVRU DQG DGYDQFHG
VROXWLRQ IRU G\QDPLFV FDOFXODWLRQ DQG .DOPDQ ILOWHU DOJRULWKP
DUH DGRSWHG WR DFTXLUH UHDOWLPH PRWLRQ LQIRUPDWLRQ RI ORZHU
OLPE VXFK DV DQJOH DQJXODU YHORFLW\ DQG DQJXODU DFFHOHUDWLRQ
7KH PXOWLVRXUFH LQIRUPDWLRQ IXVLRQ WHFKQRORJ\ LV XVHG WR
PDQDJH WKH PRWLRQ LQIRUPDWLRQ &RPELQLQJ IRUFH IHHGEDFN
WHFKQRORJ\ DQG LPSHGDQFH FRQWURO WHFKQRORJ\ DQG
RSWLPL]DWLRQ VWUDWHJ\ WKH LQWHOOLJHQW JDLW SUHGLFDWLRQ V\VWHP LV
UHDOL]HG LH LQWHOOLJHQW JDLW DGDSWLYH V\VWHP XQGHU ZHDN
FRQVFLRXVQHVV
&RQVLGHULQJ WKH )5V GHSHQGLQJ RQ WKH '3V RI H[RVNHOHWRQ
GHVLJQ V\VWHP LW¶V HDV\ IRU XV WR ILQG VRPH WUXWK DV IROORZV
)RU RQH WKLQJ LQ RUGHU WR JXDUDQWHH D IDYRXUDEOH
ELRFRPSDWLELOLW\ IRU ZHDUDEOH H[RVNHOHWRQ HTXLSPHQW DQG
HQVXUH WKDW H[RVNHOHWRQ HTXLSPHQW LV HDV\ DQG FRPIRUWDEOH WR
ZHDU WKH HUJRQRPLFV LV WDNHQ LQWR FRQVLGHUDWLRQ $QG LW LV
QHFHVVDU\ WR DQDO\]H WKH ELRG\QDPLF PRGHO RI HDFK XVHU VR
WKDW WKH FXVWRPL]HG H[RVNHOHWRQ GHVLJQ LV DFKLHYHG )RU
DQRWKHU JLYHQ WKH FRQGLWLRQV WKDW GLIIHUHQW XVHUV KDYH
GLIIHUHQW GHPDQGV IRU H[RVNHOHWRQ GHYLFH DQG WKH GLIIHUHQFHV
LQ GLIIHUHQW XVHUV¶ KLS VL]H WKH H[RVNHOHWRQ GHVLJQ EDVHG RQ
GHPDQGV RI VSHFLILF FXVWRPHU LV DGRSWHG WR DFKLHYH WKH GHVLJQ
JRDO IRU LQGLYLGXDOL]HG DQG GHWDLOHG GHVLJQ DFFRUGLQJ WR HDFK
XVHU¶V FKDUDFWHULVWLFV DQG WR PDNH H[FOXVLYH H[RVNHOHWRQ
GHYLFH IRU HDFK XVHU 7KURXJK WKH GHVLJQ VFKHPH DQDO\]HG
DERYH WKH FXVWRPL]HG H[RVNHOHWRQ LV UHDOL]HG
$FFRUGLQJ WR IXQFWLRQDO GHFRPSRVLWLRQ DQG FRUUHVSRQGLQJ
GHVLJQ SDUDPHWHUV RI FXVWRPL]HG JDLW DQG FXVWRPL]HG
H[RVNHOHWRQ WKH PDSSLQJ SURFHVVHV EHWZHHQ )5V DQG '3V RQ
WKH WKLUG OD\HU DUH DV VKRZQ LQ 7DE
7DEOH  7KH PDSSLQJ SURFHVVHV EHWZHHQ )5V DQG '3V RQ WKH WKLUG OD\HU
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7KH GHVLJQ PDWUL[HV RI WKH WKLUG OD\HU DUH GLDJRQDO PDWUL[
DQG WULDQJXODU PDWUL[ UHYHDOLQJ WKDW WKH GHVLJQ VFKHPH RI
FXVWRPL]HG H[RVNHOHWRQ DOVR FDQ EH GHFRXSOHG
 $QDO\VLV RI RYHUDOO GHVLJQ PDWUL[
2QH PDMRU DGYDQWDJH RI $' LV WKDW GHFLVLRQV DUH
IRUPDOL]HG XVLQJ D ZHOOXQGHUVWRRG SDWWHUQ 7KURXJK DGRSWLQJ
WKH ]LJ]DJ DSSURDFK DQG FKHFNLQJ WKH FRUUHFWQHVV RI WKH
GHVLJQ VFKHPH DW HDFK OHYHO WKH VROXWLRQV WR WKH VXESUREOHPV
DUH NQRZQ $V D UHVXOW WKH RULJLQDO SUREOHP FDQ EH
GHFRPSRVHG 7KHQ WKH ZKROH GHVLJQ VFKHPH LV DFKLHYHG 7KH
ILQDO UHVXOW RI GHVLJQ LV WR REWDLQ HYHU\ FRPSRQHQWV RI GHVLJQ
LH '3V RI HDFK OHDI VR WKDW )5V FDQ EH VDWLVILHG $FFRUGLQJ
WR WKH FRXSOLQJ UHODWLRQVKLSV EHWZHHQ )5V DQG '3V LQ HDFK
GHVLJQ PDWUL[ D ILQDO RYHUDOO GHVLJQ PDWUL[ GHVFULELQJ
UHODWLRQVKLSV EHWZHHQ )5V DQG '3V RI WKH ZKROH OHDYHV DUH
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HVWDEOLVKHG 7KH FXVWRPL]HG GHVLJQ VFKHPH RI //(55 LV
GHWDLOHG LQ '3V RI HOHYHQ OHDYHV FRUUHVSRQGLQJ WR HOHYHQ
GHWDLOHG )5V )URP WKH FRXSOLQJ UHODWLRQVKLSV GHVFULEHG LQ WKH
GHVLJQ PDWUL[ DERYH DQ RYHUDOO GHVLJQ PDWUL[ RI î LV
REWDLQHG ZKLFK LV VKRZQ LQ 7DE 
7DEOH  7KH RYHUDOO GHVLJQ PDWUL[ RI //(55
)XQFWLRQDO
5HTXLUHPHQWV
'HVLJQ 3DUDPHWHUV
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,QGHSHQGHQFH $[LRP LV DQ LPSRUWDQW GHVLJQ D[LRP LQ $'
> @ ,W VWDWHV WKDW WKH LQGHSHQGHQFH RI )5 PXVW DOZD\V EH
PDLQWDLQHG $QG )5 LV GHILQHG DV WKH PLQLPXP VHW RI
LQGHSHQGHQW UHTXLUHPHQWV WR FKDUDFWHUL]H WKH GHVLJQ JRDOV '3
ZKLFK LV WKH NH\ YDULDEOH LD FKRVHQ WR VDWLVI\ WKH VSHFLILHG )5
WKURXJKRXW WKH GHVLJQ SURFHVV >@ ,Q WKLV SDSHU WKH PDSSLQJ
SURFHVVHV IURP )5V GRPDLQ WR '3V GRPDLQ DUH DQDO\]HG DQG
WKH GXDO FXVWRPL]HG GHVLJQ VFKHPH ZLWK FXVWRPL]HG JDLW DQG
FXVWRPL]HG H[RVNHOHWRQ LV SUHVHQWHG 7KH PRWLRQ FDSWXUH
WHFKQRORJ\ LV XVHG WR FRQGXFW JDLW FRQWURO $QG SV\FKRORJLFDO
DQG SK\VLRORJLFDO QHHGV DUH IRFXVHG IRU H[RVNHOHWRQ GHVLJQ
7KHQ D WULDQJXODU GHVLJQ PDWUL[ RI î LV REWDLQHG
UHYHDOLQJ WKDW WKH GHVLJQ VFKHPH PHHWV WKH ,QGHSHQGHQFH
$[LRP ZHOO DQG LV D GHFRXSOHG GHVLJQ 2YHUDOO WKH GXDO
FXVWRPL]HG GHVLJQ VFKHPH RI //(55 LV UHOLDEOH DQG YDOXDEOH
$V ZH DOO NQRZ XQFRXSOHG GHVLJQV DUH WKH EHVW GHVLJQ
VFKHPH IURP WKH YLHZ RI HUJRQRPLFV VLQFH WKH\ GR QRW KDYH
LPDJLQDU\ FRPSOH[LW\ 'HFRXSOHG GHVLJQV FDQ FUHDWH
LPDJLQDU\ FRPSOH[LW\ VR WKH\ DUH OHVV GHVLUDEOH WKDQ
XQFRXSOHG GHVLJQV 7R UHGXFH GHVLJQ FRPSOH[LW\ UHDO
FRPSOH[LW\ DQG LPDJLQDU\ FRPSOH[LW\ PXVW EH HOLPLQDWHG
1RQOLQHDU RSWLPL]DWLRQ PHWKRGV DUH XVHG WR ILQG WKH RSWLPXP
VHWWLQJV RI '3 WROHUDQFHV 7KH FRQVWUDLQWV VXFK DV VDIHW\ FRVW
DQG HUJRQRPLFV IDFWRUV DUH WDNHQ LQWR FRQVLGHUDWLRQ ,Q WHUPV
RI FRQVWUDLQW RI FRVW WKH FRVW PRGHO LV VHUYHG DV REMHFWLYH
IXQFWLRQV 7KH WROHUDQFH FRQWURO FRVW DQG WKH YDULDWLRQ
UHGXFWLRQ FRVW DUH DGGUHVVHG WR VDWLVI\ WKH )5V >@ 7KH
FRQVWUDLQWV LQ WKH RSWLPL]DWLRQ IRUPXODWLRQ DGGUHVV WKH
UHTXLUHPHQWV IRU LQGHSHQGHQFH YDULDWLRQ FRQWURO DQG GHVLJQ
VLPSOLFLW\ $V D UHVXOW WKURXJK FRQVWUDLQV DQDO\VLV SURFHVV RI
//(55 WKH EHWWHU GHVLJQ UHVXOW FDQ EH REWDLQHG
 &RQFOXVLRQV
3URGXFW GHVLJQ LV D FRPSOH[ SURFHVV RI DQDO\VLV V\QWKHVLV
DQG GHFLVLRQPDNLQJ ,Q RUGHU WR VWDQGDUGL]H WKH GHVLJQ
SURFHVV RI FRPSOH[ SURGXFWV DQG LPSURYH FXVWRPHU
VDWLVIDFWLRQ DQG LQWHOOLJHQFH RI VSHFLILF GHVLJQ VFKHPH D
GHVLJQ FDVH RI //(55 LV SUHVHQWHG LQ WKLV SDSHU 8QGHU WKH
SUHFRQGLWLRQ WKDW ZDON DVVLVWDQFH DQG UHKDELOLWDWLRQ WUDLQLQJ
IXQFWLRQV DUH DFKLHYHG KLJKHU GHPDQGV IRU //(55 IURP
SV\FKRORJLFDO DQG SK\VLRORJLFDO QHHGV RI XVHUV DUH SURSRVHG
%DVHG RQ WKH UHVHDUFK VWDWXV DQG PDUNHW GHPDQGV RI
UHKDELOLWDWLRQ URERWV D FRQFHSWXDO GHVLJQ VFKHPH RI //(55
ZLWK WKH FKDUDFWHU RI FXVWRPL]HG JDLW DQG FXVWRPL]HG
H[RVNHOHWRQ LV SUHVHQWHG 7KH PDSSLQJ SURFHVV IURP )5
GRPDLQ WR '3 GRPDLQ RI FXVWRPL]HG GHVLJQ VFKHPH LV
DQDO\]HG DFFRUGLQJ WR $' WKHRU\ 7KHQ DQ RYHUDOO GHVLJQ
PDWUL[ RI î D WULDQJXODU PDWUL[ LV REWDLQHG UHYHDOLQJ
WKDW WKH GXDO FXVWRPL]HG GHVLJQ VFKHPH RI //(55 LV UHOLDEOH
DQG YDOXDEOH /DVWO\ WKH GHVLJQ VFKHPH LV RSWLPL]HG WKURXJK
FRQVWUDLQV DQDO\VLV 7KH FRUUHFWQHVV DQG SUDFWLFDOLW\ RI WKLV
GHVLJQ VFKHPH DUH YHULILHG 7KH SDSHU¶V ZRUN FDQ SURYLGH
JXLGDQFH IRU WKH GHVLJQ RI WKH VDPH W\SH SURGXFWV
:LWK WKH GHYHORSPHQW RI PRGHUQ GHVLJQ WKHRU\ PXFK
PRUH DQG EHWWHU GHVLJQ WKHRULHV KDYH EHHQ SUHVHQWHG VXFK DV
75,= )%6 )XQFWLRQ %HKDYLRU 6WUXFWXUH )(0$ )DLOXUH
0RGHV DQG (IIHFWV $QDO\VLV DQG VR RQ 7KH IXWXUH UHVHDUFK
ZLOO SD\ PRUH DWWHQWLRQ WR LQWHJUDWH WKHVH WKHRULHV LQWR GHVLJQ
SURFHVV VR WKDW WKH FXVWRPHU VDWLVIDFWLRQ ZLOO LQFUHDVH
VLJQLILFDQWO\ ZLWK D VWDQGDUGL]DWLRQ GHVLJQ SURFHVV DQG DQ
LQWHOOLJHQW GHVLJQ VFKHPH
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